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DESCRIPTION 
CASTING NOZZLE 

Technical Field 

5 [0001] 

The present invention relates to a casting nozzle which is suitable for use 
in casting aluminum alloy or magnesium alloy continuously, and to a casting 
method, in which the casting nozzle is used, for producing a cast alloy. The 
invention also relates to a cast alloy manufactured by the casting method. 
10 Particularly, the invention relates to a casting nozzle which is most suitable for 
manufacturing a cast alloy having excellent surface quality. 

Background Art 

[0002] 

15 In known continuous casting methods in the past, molten metal is 

continuously supplied into a movable mold, which is made of rolls, belts, etc., 
and the molten metal is solidified by cooling in the movable mold so that a cast 
alloy can be produced continuously. The molten metal is supplied to the 
movable mold through a nozzle. Such nozzles are described in the patent 

20 documents 1 — 3, for example. The nozzles described in the patent document 1 
and 2 are provided with a felt layer consisting of ceramic fibers at the tip of the 
casting nozzle which touches a movable mold. In the patent document 3, a 
nozzle made of alumina- graphite materials is described. 
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[0003] 

[Patent document l] Japanese Patent Application Laid-Open No. S 
63-101053; 

[Patent document 2] Japanese Patent Application Publication No. H 
5 5-318040J 

[Patent document 3] Japanese Patent Application Publication No. H 
11-5146. 

Disclosure of the Invention 
10 Problems to be solved by the invention 

[0004] 

Materials used for forming a casting nozzle used for continuous casting 
are ceramics such as silica (silicon oxide (Si02)) and alumina (aluminum oxide 
(AI2O3)) which are superior in heat resistance and heat retention properties, etc. 

15 However, with a nozzle consisting of such a ceramic material, it is difficult to 
further improve surface quality of a cast alloy to be manufactured. Particularly, 
recently, the quality level that is required of magnesium alloy products has 
become higher with the expansion of application fields in which magnesium 
alloy products are used, and the demand for improvement in the quality of 

20 products appearance as well as improvement in light weight and 
corrosion-resistance has increased. However, with the conventional nozzles 
described above, it is difficult to satisfy such requirements sufficiently, 
particularly with respect to the quality of products appearance. 



[0005] 

Therefore, the main object of the present invention is to provide a casting 
nozzle most suitable for producing a cast alloy having superior surface quality. 
Also, it is another object of the present invention to provide a manufacturing 
method using the casting nozzle for manufacturing cast alloys, and to provide 
cast alloys manufactured by the manufacturing method. 

Means for solving the problems to be solved 

[0006] 

As a result of investigation by the present inventors, it was found that 
the causes of surface quality degradation are lack of uniformity in solidification 
of a material in the width direction during casting and existence of a large 
interstice between the tip of the outer peripheral edge of a nozzle and a 
movable mold. Based on this knowledge, the present invention aims to improve 
the surface quality by specifying the material of the tip of the nozzle. 

[0007] 

More specifically, in order to perform the solidification of molten alloy 
liquid uniformly in the width direction of the material, it is proposed to use a 
material that is superior in terms of thermal conductivity. That is, one 
embodiment of the present invention is a casting nozzle which is fixed to a 
tundish for storing molten aluminum alloy liquid or magnesium alloy liquid 
and which supplies the molten alloy liquid from the tundish to a movable mold 
for continuous casting. The nozzle tip which is arranged on the movable mold 
side has a highly heat-conductive layer made of a material having a heat 
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conductivity layer equal to or more than 0.2 W/mK. 
[0008] 

With a nozzle made of a ceramic material which is heat-resistant, 
depending on the composition of a metal which is subjected to continuous 
5 casting, the temperature of molten alloy liquid varies in a direction of 
cross-sectional width of the tip of the nozzle arranged on the movable mold side, 
and accordingly solidification in a cross-sectional width direction of the 
material is varied, which occasionally results in occurrence of a longitudinal 
crack. Consequently, a cast alloy thus obtained must be subjected to surface 
10 processing such as machining. Therefore, in the case of a casting nozzle made 
of a ceramic material, it has been desired to expand a narrow scope of metal 
composition that enables superior surface quality of a cast alloy. 

[0009] 

In contrast, with a casting nozzle in which at least the tip of the nozzle, 
15 which is the casting point, is made of a material having superior thermal 
conductivity, heat conduction to molten alloy liquid can be accomplished 
uniformly in a cross-sectional width direction of the nozzle. Consequently, the 
molten alloy liquid supplied to a movable mold from the tip of the nozzle can 
result in a cast alloy in which the occurrence of longitudinal crack is decreased 
20 and which has superior surface quality, because uniform solidification is made 
possible due to small temperature variation in a cross-sectional width direction 
of the nozzle. Therefore, the present invention prescribes that a highly 
heat-conductive layer be provided at the tip of a nozzle. 
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[0010] 

Also, the invention proposes to use a material superior in terms of 
strength and elastic deformability in order to decrease an interstice between a 
movable mold and the tip of the outer peripheral edge of a nozzle. That is, one 
5 aspect of the present invention is a casting nozzle which is fixed to a tundish for 
storing a molten liquid of melt aluminum alloy or magnesium alloy and which 
supplies the molten alloy liquid from the tundish to a movable mold for 
continuous casting. According to one embodiment of the invention, the casting 
nozzle has, at the tip thereof which is arranged on the movable mold side, a 
10 high strength elastic layer made of a material having an elastic modulus of 
5000 MPa or more and a tensile strength of 10 MP or more. 
[0011] 

If the nozzle made of ceramic fibers which is described in the patent 
documents 1 and 2 is arranged in a manner where the tip of outer peripheral 

15 edge of the nozzle touches a movable mold, in some cases, the nozzle wears 
during casting since its strength is comparatively low, although its heat 
resistance properties are superior, and a gap occurs between the tip and the 
movable mold, and consequently molten alloy liquid leaks out from the gap- 
that is, so-called molten liquid leakage has occasionally occurred. Therefore, 

20 prior to casting, an arrangement was done such that the interstice between the 
movable mold and the tip of outer peripheral edge of the nozzle might become 
as narrowest as possible. However, in order to prevent the molten liquid 
leakage, it is desirable to make the arrangement prior to casting such that the 
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tip of outer peripheral edge of the nozzle is in contact with the movable mold as 
much as possible. 
[0012] 

Also, in the technology described in the patent documents 1 and 2, a 
5 movable mold comprising one roll is used. In such movable mold of single-roll 
type, there are no cases where the position of the roll changes during casting 
because of the power to receive from the material which is cast. Therefore, 
there seldom occurs a case where the interstice which is fixed prior to casting 
between the movable mold and the tip of outer peripheral edge of the nozzle 

10 changes during casting is done. On the other hand, in a movable mold 
comprising one pair of rolls, there occurs a case where a gap between the rolls 
opens due to reaction force when the solidified material is subjected to draft 
between the rolls during casting, even if adjustment has been done prior to 
casting so that the gap between the rolls, particularly the gap when both rolls 

15 approach most (i.e., the minimum gap), may be constant. Therefore, even if 
the nozzle is arranged prior to casting such that the interstice between the 
movable mold and the tip of outer peripheral edge of the nozzle becomes as 
small as possible, occasionally the gap becomes wider during casting because 
the gap between the rolls opens due to the above-mentioned reaction force. 

20 More specifically, in some cases the gap became 0.8 mm or more, thereby 
causing leakage of molten liquid. 
[0013] 

In consideration of the above-described situation, particularly in a case 
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where a movable mold comprising one pair of rolls was used in the past, it was 
attempted to prevent molten liquid from leaking out through an interstice 
between the movable mold and the tip of outer peripheral edge of the nozzle, by 
increasing the casting speed to a given speed or faster, or by adjusting the flow 
5 rate of molten alloy liquid so that meniscus (molten alloy liquid surface which 
is formed in a region to the part where the molten alloy liquid which flows from 
the tip of the nozzle first touches a movable mold) might become larger. 
However, a longitudinal crack was easily generated as a result of increasing the 
casting speed, or the size of a ripple mark tended to become larger as a result of 
10 increasing the meniscus, which resulted in the cause of degradation of surface 
quality. 

[0014] 

In contrast, a nozzle in which at least the nozzle tip to be used as a 
casting point is made of a material having superior strength does not wear 

15 easily during casting even if the nozzle is arranged in a manner such that the 
tip of the nozzle touches a movable mold prior to casting. And, the nozzle, in 
which at least the nozzle tip as a casting point is formed of a material having 
superior elastic deformability, can be arranged in a manner in which the nozzle 
tip is pressed to the movable mold prior to casting. Also, even if the movable 

20 mold moves such that the gap between the rolls spreads or the like, the nozzle 
can follow such movement, thereby maintaining for a long time the condition 
which was arranged prior to casting. Thus, a nozzle made of a material 
having high strength and superior elastic deformability can be arranged prior 
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to casting in a manner such that the interstice between the movable mold and 
the tip of outer peripheral edge of the nozzle is as smallest as possible, and 
particularly the tip can be arranged so as to touch the movable mold. That is, 
the interstice between the tip of outer peripheral edge of the nozzle and the 
5 movable mold can be substantially eliminated. 

Moreover, even in the case of a movable mold consisting of one pair of 
rolls, it is made possible to follow the movement of rolls to some degree by 
elastic deformation, and accordingly the interstice between the tip of outer 
peripheral edge of the nozzle and the movable mold does not spread easily 

10 during casting. Therefore, even if the casting speed is made slower than in 
the past, or the meniscus is made smaller, the molten liquid leakage can be 
prevented while the casting speed and the meniscus can be decreased. 
Consequently, it is possible to obtain a cast alloy having superior surface 
quality by restraining the occurrence of a longitudinal crack and the 

15 enlargement of a ripple mark, thereby reducing the deterioration of the surface 
quality. Therefore, the present invention defines that a high strength elastic 
layer is provided at the tip of a nozzle. 
[0015] 

Hereinafter, the present invention is described in detail. 
20 The heat conductivity of a material having superior thermal conductivity 

is designed to be equal to or more than 0.2 W/mK so that variation in the 
temperature of molten alloy liquid may be suppressed to a small amount in a 
cross-sectional width direction of a nozzle. With a heat conductivity less than 
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0.2 W/mK, there is only a small effect of conducting heat uniformly in the 
cross-sectional width direction of the nozzle. More preferably, the heat 
conductivity is 5 W/mK or more. Particularly, at least the tip of the nozzle 
arranged on the movable mold side is equipped with a highly heat-conductive 
5 layer made of the above-mentioned material having superior thermal 
conductivity so that variation in temperature in the cross-sectional width 
direction of the molten alloy liquid is suppressed when the molten alloy liquid 
touches the movable mold. In particular, it is preferable to provide the highly 
heat-conductive layer on the inner circumference which touches molten alloy 

10 liquid. The entire nozzle may be made of the material having superior 
thermal conductivity. The examples of materials having such superior 
thermal conductivity include materials of carbon system such as carbon, or 
carbon-carbon composite (C/C composite- compound material which is made of 
carbon as a matrix and carbon fibers as a reinforcing material), and metallic 

15 materials such as iron, nickel, titanium, tungsten, molybdenum, and alloys 
including of these metals 50 % by mass or more. The alloys which contain iron 
are, for example, steel, stainless steel, etc. Also, the highly heat-conductive 
layer comprising such material has the above-mentioned heat characteristics 
even if it is a thin layer of less than 3.0 mm. Practically, the preferable 

20 thickness is equal to or more than 0.1 mm. 

[0016] 

Here, in the case of metallic materials, the thermal conductivity can be 
read as electrical conductivity. That is, materials having superior electrical 
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conductivity can also be used instead of materials having superior thermal 
conductivity. In this case, a suitable electrical conductivity is 5 % or more 
according to International Annealed Copper Standard (IACS). Particularly, 
10% IACS or more is preferable. The examples of metallic materials having 
such superior conductivity include iron, nickel, titanium, tungsten, 
molybdenum, and alloys containing these metals 50 % by mass or more. 
[0017] 

The material which is superior in terms of strength and elasticity is 
designed to have strength sufficient to prevent wear even if it touches a 
movable mold, and to have a tensile strength of 10 MPa or more and an elastic 
modulus of 5000 MPa or more so that it may have deformability which is 
sufficient to make close contact with the movable mold and to follow the 
movement of the movable mold. At least the nozzle tip arranged on the 
movable mold side is provided with a high-strength elastic layer made of a 
material having such superior elasticity and high strength. The entire nozzle 
may be formed of such material having high strength and high elasticity. 
Then, since the nozzle has superior elasticity, it is possible to arrange the 
nozzle in the state in which, prior to casting, the tip of the nozzle is pressed to 
the movable mold, thereby deforming it within an elastically deformable range 
such that it is in close contact with the movable mold. Also, since the nozzle is 
superior in terms of elasticity, it can follow the movement of the movable mold 
during casting: for example, in the case of a movable mold consisting of one pair 
of rolls, it can follow such a movement as the gap between the rolls spreads. 
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Thus, without adding a force, such as a pressing force from outside, to the 
nozzle in order to maintain the interstice between the tip of outer peripheral 
edge of the nozzle and the movable mold to be small, the narrow gap can be 
maintained for a long period. More specifically, the gap can be maintained 
within 0.8 mm or less. 
[0018] 

Moreover, as described above, even if the nozzle is arranged in close 
contact with the movable mold prior to casting, the nozzle does not wear easily 
because of its superior strength, and consequently the interstice between the 
tip of outer peripheral edge of the nozzle and the movable mold can be kept 
small for a long time. Also, the miniaturization of the nozzle and the lessening 
in the thickness thereof can be achieved because it is superior in terms of 
strength. More specifically, the thickness of the tip of the nozzle can be 
designed to be less than 3.0 mm. By making the tip of the nozzle in such thin 
thickness, it is possible to decrease the region surrounded with the tip of the 
nozzle, the prolongation of the tip of the edge of internal circumference of the 
nozzle, and the movable mold when the tip of outer peripheral edge of the 
nozzle is caused to touch a movable mold. Accordingly, the meniscus, which is 
formed when molten alloy liquid is supplied to the movable mold, can be made 
small. Consequently, the enlargement of a ripple mark can be restrained. The 
thinner the thickness of the tip of the nozzle, the smaller the meniscus can be 
made by decreasing the above-mentioned region, and from the viewpoint of 
practical use, the suitable thickness is about 0.5 - 2.0 mm. 



12 



[0019] 

In the case of tensile strength less than 10 MPa, when a nozzle is 
arranged in a manner in which the tip of the nozzle is in contact with the 
movable mold, the nozzle easily wears because of the weak strength, and also it 
is difficult to downsize the nozzle or to lessen the thickness thereof. In 
addition, if the elastic modulus is less than 5000 MPa, it is difficult to 
accomplish the elastic deformation even if the tip of the nozzle is arranged in a 
manner in which it is pressed to the movable mold, and it is difficult to make it 
to be in close contact with the movable mold and to follow the movement of the 
movable mold during casting. More preferably, the tensile strength is equal to 
or more than 20 MPa, and the elastic modulus is equal to or more than 7000 
MPa. 

[0020] 

The examples of materials having such superior strength and elasticity 
include materials of carbon system such as carbon, C/C composite, etc. and 
metallic materials such as iron, nickel, titanium, tungsten, molybdenum, and 
alloys containing these metals 50 % by mass or more, for example, stainless 
steel. If at least the tip of the nozzle is made of such material, it is possible to 
make the molten alloy liquid to have a uniform temperature in the 
cross-sectional width direction of the nozzle and to maintain the narrowness of 
the interstice between the tip of outer peripheral edge of the nozzle and the 
movable mold. Consequently, it is possible to stably obtain cast alloys having 
superior surface quality. The density of oxygen contained in these materials is 



13 



low as compared with oxide materials such as alumina and silica. Therefore, 
particularly when a magnesium alloy is made by continuous casting, it is 
possible to reduce the degradation of surface quality caused by magnesium 
combining with oxygen. Since magnesium is a very active metal, the 
magnesium which is the main ingredient of the molten alloy liquid occasionally 
happens to combine with oxygen in the above-mentioned oxide material and 
reduces the material during casting. In such case, as a result of the nozzle 
being deprived of oxygen by magnesium, the nozzle may be damaged, whereby 
the heat retention properties of the molten alloy liquid may deteriorate, which 
may result in irregularity of solidification in a cross-sectional width direction of 
the material. Also, the magnesium oxide formed by the combination with 
oxygen may cause irregular solidification when it is mixed into molten alloy 
liquid since the magnesium oxide does not dissolve again. Such irregular 
solidification deteriorates the surface quality of a cast alloy. However, the 
deterioration of surface quality due to combination of magnesium and oxygen 
can be reduced by using a material containing such small quantity of oxygen as 
mentioned above. 
[0021] 

Also, the tip of a nozzle according to the present invention may have a 
high density layer made of a material having a bulk density of 0.7 g/cm3 or 
more. In the case of a material having a bulk density of 0.7 g/cm3 or less, the 
thermal conductivity becomes inferior and the strength is decreased because of 
high void ratio, and consequently the tip of the nozzle is transformed by the 
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dead weight in a cross-sectional width direction, and accordingly, a gap is 
generated between the tip of the nozzle and the movable mold, which results in 
a cause of the molten liquid leakage. Therefore, by providing the tip of the 
nozzle with a high density layer having a bulk density exceeding 0.7 g/cm3, the 
thermal conductivity and the strength can be improved. More preferably, the 
bulk density is equal to or more than 1.0 g/cm3. The examples of such 
materials include materials of carbon system such as carbon, C/C composite, 
etc. and metallic materials such as iron, nickel, titanium, tungsten, 
molybdenum, and alloys containing these metals equal to or more than 50 % by 
mass, for example, stainless steel. That is, the layer consisting of these 
materials is superior in terms of thermal conductivity and elastic deformability, 
and has high density as well as high strength. 
[0022] 

The nozzle of the present invention may have a structure in which the 
tip is formed in a multilayer including a plurality of layers consisting of 
different materials using the above-mentioned materials having superior 
thermal conductivity, materials having high strength and high elasticity, and 
materials of high density. For example, it may have a bilayer structure 
consisting of a carbon layer and a molybdenum layer. In this case, the carbon 
layer and the molybdenum layer both function as the superior thermal 
conductivity layer, the high strength layer, the highly elastic layer, and the 
high density layer. Besides, it may be equipped with a layer consisting of a 
material of low thermal conductivity, such as a ceramic fiber sheet, in addition 
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to the layers consisting of the above-mentioned materials having various 
superior characteristics. For example, the nozzle may be provided with such a 
layer made of a material having low thermal conductivity at the internal 
circumference side thereof which touches molten alloy liquid. This makes it 
5 possible to obtain the effect of conducting heat uniformly in a cross -sectional 
width direction of the nozzle by providing the above-mentioned highly 
heat-conductive layer together with the above-mentioned 
low-thermal-conductivity layer. 

When the tip of a nozzle made of a material having superior thermal 

10 conductivity touches a roll, it occasionally happens that the heat of the molten 
alloy liquid is conducted to the roll through the nozzle, and the molten alloy 
solidifies before the molten alloy liquid touches the roll. In order to reduce 
such shortcoming, it is preferable that at least one layer of low thermal 
conductivity such as a ceramic fiber sheet be provided between the roll and the 

15 molten alloy liquid. 

[0023] 

Such a casting nozzle of the present invention is suitable for use in the 
continuous casting of metals such as aluminum alloy and magnesium alloy. 
More specifically, it is used as a member which supplies molten alloy liquid to a 
20 movable mold from a tundish in a continuous casting system. An example of 
composition of the continuous casting system comprises a melting furnace for 
dissolving metal into molten alloy liquid, a tundish for temporarily storing the 
molten alloy liquid supplied from the melting furnace, a transfer gutter 
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arranged between the melting furnace and the tundish, and a movable mold for 
casting the molten alloy liquid supplied from the tundish. The nozzle of the 
present invention may be arranged in a manner in which one end thereof is 
fixed to the tundish, with the other end (tip) being disposed in contact with the 
movable mold. Besides, in order to more effectively prevent molten alloy 
liquid from leaking out from an interstice between the tip of outer peripheral 
edge of the nozzle and the movable mold, a molten liquid dam (side dam) may 
be provided at the vicinity of the tip of the nozzle. 

The melting furnace has a structure comprising, for example, a crucible 
for storing molten alloy liquid and a heating means which is arranged at the 
outer periphery of the crucible and used for dissolving metal. Preferably, a 
heating means for maintaining the temperature of molten alloy liquid is 
provided at the outer peripheries of the transfer gutter and the nozzle. The 
movable mold comprises, for example, (l) one pair of rolls as represented by a 
twin-roll process (twin roll method), (2) one pair of belts as represented by a 
twin-belt process (twin belt method), or (3) a combination of a plurality of rolls 
(wheels) and a belt as represented by a wheel-belt method (belt & wheel 
method). 

In these movable molds using a roll and a belt, a smooth and flat 
condition of the surface of a cast alloy can be easily maintained because the 
temperature of the mold can easily be maintained constant and because the 
surface which touches molten alloy liquid appears continuously. Particularly, 
the movable mold in which one pair of rolls that turn in mutually opposite 
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directions are arranged at opposing positions is preferable, that is, the 
above-mentioned structure (l) is preferable, because the mold is made with 
high precision and also it is easy to maintain a constant position of the mold 
surface (surface which touches molten alloy liquid). Likewise, since the mold 
is structured such that the surface which touches molten alloy liquid appears 
continuously according to the rotation of a roll, it is possible to apply a 
mold-releasing agent or to remove adhering substances efficiently during a 
period in which the surface that has once been used for casting touches the 
molten alloy liquid again, and also it is possible to simplify equipment for 
performing such coating or removal work. 
[0024] 

The term aluminum alloy as defined in the present invention includes 
not only a pure aluminum alloy which consists of aluminum and impurities, 
but also an alloy which contains aluminum and an alloying element (i.e., an 
alloy consisting of aluminum, an alloying element, and impurities). For 
example, aluminum which contains an alloying element may be selected from 
JIS 1000-series — 7000-series5 that is, the present invention can be used for 
casting aluminum of 5000-series, 6000-series, etc. Also, the term magnesium 
alloy as defined in the present invention includes a pure magnesium which 
consists of magnesium and impurities as well as an alloy which consists of 
magnesium and an alloying element (an alloy consisting of an alloying element, 
magnesium, and impurities). The present invention can be used for the 
continuous casting of magnesium that contains an alloying element, for 
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example, AZ-series, AS-series, AM-series, or ZK-series of ASTM standard. 
Besides, it can be utilized for the continuous casting of a composite material 
which consists of aluminum alloy and carbide, the composite material which 
consists of aluminum alloy and oxide, a composite material which consists of 
magnesium alloy and carbide, a composite material which consists of 
magnesium alloy and oxide. 
[0025] 

By performing continuous casting using a nozzle the present invention, 
practically infinitely long cast alloy can be obtained. Particularly, using the 
nozzle of the present invention makes it possible to effectively prevent the 
molten liquid leakage and to obtain a cast alloy which is superior in terms of 
surface quality. 

Advantageous effect of the invention 

[0026] 

As described hereinabove, in the case where continuous casting is 
performed using a casting nozzle of the present invention, it is possible to 
obtain a cast alloy which is superior in terms of surface quality, particularly 
because the nozzle tip arranged on the movable mold side has superior thermal 
conductivity, which results in decrease of deviation in the temperature of 
molten alloy liquid in a cross -sectional width direction, thereby enabling 
uniform solidification. Likewise, when continuous casting is performed using 
a casting nozzle of the present invention, particularly because the nozzle tip 
arranged on the movable mold side has high strength and superior elastic 
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deformability, the nozzle tip can be arranged so as to touch, or to be in close 
contact with, a movable mold prior to casting, whereby the interstice between 
the tip of outer peripheral edge of the nozzle and the movable mold can be 
decreased. Thus, even if the movable mold moves during casting, the 
interstice between the tip of outer peripheral edge of the nozzle and the 
movable mold can be maintained small, following such movement. Therefore, 
it is possible to prevent the occurrence of molten liquid leakage and to make the 
casting speed comparatively slow so as to prevent an easy occurrence of 
longitudinal crack; thus, it is possible to reduce the degradation of the surface 
quality by decreasing the size of meniscus and restraining the enlargement of a 
ripple mark. Accordingly, a cast alloy having superior surface quality can be 
obtained by using a casting nozzle of the present invention in continuous 
casting. 

Brief Description of the Drawings 
[0027] 

[Fig. l] Figure 1 is a schematic diagram illustrating a structure of a 
continuous casting system in which molten alloy liquid is supplied by means of 
the deadweight to a movable mold. 

[Fig. 2 (A)] Figure 2(A) is a schematic diagram which shows a structure 
of the tip part of a nozzle and in which the tip of the nozzle is arranged in 
contact with a movable mold prior to casting. 

[Fig. 2 (B)] Figure 2(B) is a schematic diagram which shows a structure 
of the tip part of the nozzle, illustrating a state in which rolls have moved 
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during casting. 

[Fig. 3 (A)] Figure 3(A) is an enlarged partial cross-sectional view which 
shows the tip part of a casting nozzle of the present invention, and Fig. 3 (A) 
shows an example used in the examination example 2. 

[Fig. 3 (B)] Figure 3(B) is an enlarged partial cross-sectional view which 
shows the tip part of a casting nozzle of the present invention, and Fig. 3 (B) 
shows an example used in the examination example 3. 

[Fig. 3 (C)] Figure 3(C) is an enlarged partial cross-sectional view which 
shows the tip part of a casting nozzle of the present invention, and Fig. 3 (C) 
shows an example used in the examination example 4. 
Best Mode for Carrying out the Invention 

[0028] 

Hereinafter, preferred embodiments of the invention will be explained in 
reference to accompanying drawings. In the explanation of the drawings, an 
identical mark is put on the same element, and a repetition of explanation will 
be omitted. The dimensional ratios of figures do not always correspond with 
those of the description. 

Figure 1 is a schematic diagram illustrating a structure of a continuous 
casting system in which molten alloy liquid is supplied by means of the 
deadweight to a movable mold. This equipment is provided with a melting 
furnace 10 for melting a metal such as an aluminum alloy or magnesium alloy 
so as to make it molten alloy liquid 1, a tundish 12 for temporarily storing the 
molten alloy liquid 1 supplied from the melting furnace 10, a transfer gutter 11, 
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which is disposed between the melting furnace 10 and the tundish 12, for 
transporting the molten alloy liquid 1 from the melting furnace 10 to the 
tundish 12, a nozzle 13 for supplying the molten alloy liquid 1 into a space 
between a pair of rolls 14 from the tundish 12, one pair of the rolls 14 for 
casting the supplied molten alloy liquid 1 into a cast alloy 2. 
[0029] 

The melting furnace 10 is equipped with a crucible 10a for melting a 
metal and storing the molten alloy liquid 1, heaters 10b, which are disposed 
at the outer peripheries of the crucible 10a, for maintaining the molten alloy 
liquid 1 at a constant temperature, and a housing 10c for accommodating the 
crucible 10a and the heaters 10b. Also, it is equipped with a temperature 
measuring device (not illustrated in the figure) and a temperature control unit 
(not illustrated in the figure) so that the temperature of the molten alloy liquid 
1 may be controlled with them. In addition, the crucible 10a is equipped with 
a pipe lOd for introducing gas, discharge pipe lOe, and a gas control unit (not 
illustrated in the figure) such that control of atmosphere can be made by 
introducing atmospheric air which contains an inert gas such as argon and a 
flame retardant gas such as SF6. Also, the crucible 10a is equipped with a fin 
(not illustrated) for stirring the molten alloy liquid 1. 

[0030] 

The transfer gutter 11 is structured such that one end thereof is put in 
the molten alloy liquid 1 and the other end is connected with the tundish 12, 
and a heater 11a is arranged around the outer periphery of the transfer gutter 
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so that the temperature of the molten alloy liquid 1 may not decrease during its 
transportation. 
[0031] 

The tundish 12 is equipped with heaters 12a disposed at the outer 
peripheries thereof, a temperature measuring device (not illustrated in the 
figure), and a temperature control unit (not illustrated in the figure). The 
heaters 12a are mainly used for heating the tundish 12 at the beginning of 
operation so that the temperature of the molten alloy liquid 1 that is 
transported from the melting furnace 10 may be higher than a temperature at 
which the molten alloy liquid 1 does not solidify. During the stage of stable 
operation, the heaters 12a can be used suitably by seeing the balance between 
an input temperature from the molten alloy liquid 1 which is transferred from 
the melting furnace 10 and a discharge temperature released from the tundish 
12. Likewise, as in the case of the crucible 10a, the tundish 12 also is 
equipped with a pipe 12b for introducing a gas, a discharge pipe 12c, and a gas 
control unit (not illustrated in the figure) so that the atmosphere may be 
controlled with the gas. Moreover, the tundish 12 also is structured, as in the 
case of the crucible 10a, so that stirring may be done with a fin (not illustrated) 
for stirring the molten alloy liquid 1. 

[0032] 

The nozzle 13, one end of which is fix to the tundish 12, supplies the 
molten alloy liquid 1 into a space between the rolls 14 from the tip thereof 
which is arranged at a position on the roll 14 side. A temperature measuring 
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device (not illustrated in the figure) is provided in the vicinity of the tip of the 
nozzle 13 in order to control the temperature of the molten alloy liquid 1 which 
is supplied to the tip part. The temperature measuring device is arranged in a 
manner such that the flow of the molten alloy liquid 1 may not be obstructed. 
The tundish 12, the nozzle 13, and the rolls 14, are arranged such that the 
centerline 20 of the gap between the rolls 14 is horizontal so as to cause the 
molten alloy liquid 1 to travel from the tip of the nozzle 13 into a space between 
the rolls 14 by the deadweight of the molten alloy liquid 1, and such that the 
molten alloy liquid is supplied from the tundish 12 horizontally to the space 
between the rolls 14 through the tip so as to allow a cast alloy 2 to be formed in 
a horizontal direction. The position of the nozzle 13 is designed to be lower 
than the level of the surface of the molten alloy liquid 1 in the tundish 12. 
Particularly, a sensor 15 for detecting the surface level of the molten alloy 
liquid 1 in the tundish 12 is provided so that adjustment can be made in order 
to maintain the height h at a given level from the centerline 20 in the gap 
between the rolls. The sensor 15 is connected with a control unit (not 
illustrated) so that the flow rate of the molten alloy liquid 1 can be adjusted by 
controlling a valve lib according to the result of the sensor 15 so as to adjust 
the pressure of the molten alloy liquid 1 when it is supplied from the tip of the 
nozzle to the space between the rolls 14. 
[0033] 

The movable mold consists of one pair of rolls 14. The rolls 14 are 
arranged at mutually opposing position with a gap provided between them, and 
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the rolls 14 are structured such that they can turn in mutually opposite 
direction (e.g., one of the rolls turn in the clockwise direction, and the other roll 
turns in a counterclockwise direction) by means of a drive mechanism (not 
illustrated). Particularly, the rolls 14 are arranged such that the centerline 20 
in the gap between them may become horizontal. When each roll 14 turns, the 
molten alloy liquid 1 which is supplied from the tip of the nozzle into the space 
between the rolls 14 is discharged as a cast alloy 2 as a result of solidification of 
the molten alloy liquid 1 which has touched the rolls 14. In this example, the 
direction of the casting becomes a horizontal direction. 
[0034] 

The feature of the present invention is that a material having superior 
thermal conductivity or a high-strength highly elastic material is used as a 
material for forming the tip of a nozzle 13. Figures 2(A) and 2(B) are 
schematic diagrams which show a structure of the tip part of a nozzle : Fig. 2(A) 
shows a state in which the tip of the nozzle is arranged in contact with a 
movable mold prior to casting, and Fig. 2(B) shows a state in which the rolls 
have moved during casting. In Figures 2(A) and 2(B), the nozzle is shown in a 
cross-sectional view. 

In this example, the entire tip of the nozzle was made of isotropic high 
density graphite which is superior in terms of thermal conductivity, strength, 
and elasticity. Using such nozzle makes it possible to arrange in a manner 
such that the tip Pi of the outer peripheral edge of the nozzle 13 is in contact 
with the rolls 14 prior to casting as shown in Fig. 2(A). Particularly, in this 
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example, since the tip of the nozzle is made of a material having superior 
elastic deformability, it is possible to arrange the tip Pi in a state in which it is 
pressed to the rolls 14 to deform in an elastically deformable range by pressing 
it onto the rolls 14. By making such arrangement, the interstice between the 
roll 14 and the tip Pi of the nozzle 13 can be decreased. In this example, the 
interstice can substantively be eliminated. Thus, even if continuous casting is 
performed for a long time under the condition of such arrangement, the gap 
between the rolls 14 and the tip of the nozzle can be maintained narrow for a 
long time because the tip of the nozzle has high strength and does not wear 
away easily. Likewise, an interstice I between the tip and the roll 14 can be 
maintained small even if the roll 14 moves, due to reaction force caused by the 
solidified material being subjected to draft between the rolls 14 during casting, 
from the position indicated by a dotted line to the position indicated by a solid 
line as shown in Fig. 2 (B), since the nozzle 13 can deform in an elastically 
deformable range. More specifically, the interstice I can be maintained within 
a range of interval equal to or less than 0.8 mm. The interstice I is defined as 
an interval from the tip Pi of nozzle 13 to an intersection point P2 at which the 
roll 14 is crossed by a straight line extending in a direction from the tip Pi 
toward the center Cr of the roll 14 (i.e., radial direction of the roll 14). 
[0035] 

Also, the size of the meniscus M can be decreased because of the 
interstice between the tip Pi and the roll 14 of the nozzle being small as 
mentioned above. 
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[0036] 

Moreover, as a result of the tip being made of the material having 
superior thermal conductivity, it is possible to almost eliminate the variation in 
the temperature of the molten alloy liquid 1 in a cross-sectional width direction 
at the tip of nozzle 13 and to achieve uniform solidification of the molten alloy 
liquid 1 supplied into a space between the rolls 14 from the tip. 

[0037] 

The part which has solidified is compressed by the movable mold as a 
result of casting speed being adjusted so that a solidification-completion point 
E may exist in a region (which is called "offset O" ) between the tip and a plane 
(which is called "mold center C") that passes the central axis of the rolls 14. 
By this compression, it is possible to vanish or diminish a void which exists in 
the solidified part. Also, since the draft made by the rolls 14 after the 
completion of solidification is small, shortcoming such as breakage caused by 
the draft of the rolls 14 seldom occurs or do not occur at all during casting. 
Moreover, since the solidified part is held between the rolls 14 still after the 
last solidification, heat thereof is released through the rolls while the solidified 
part is inside the closed section defined by the rolls 14. Accordingly, the 
surface temperature of a cast alloy 2 is already cooled sufficiently at the time 
when the solidified part is discharged (released) after passing a region where 
the peripheries of the rolls 14 approach each other most, making the gap 
between the rolls 14 to be the smallest (minimum gap Go or Gi region). Thus, 
the surface quality of the cast alloy does not suffer from the degradation due to 
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rapid oxidation or the like. 
[0038] 

The following is a description of examination with respect to the surface 
quality of cast alloys produced by continuous casting using nozzles, the tips of 
which are made of various materials having the characteristics shown in Table 
I and which are installed in the continuous casting system shown in Fig. 1. 



[0039] 
[Table I] 



Materials 


Isotropic 
graphite 


C/C 

composite 


Molybde 
num 


SUS316 


Ceramic 
fiber sheet 


Bulk density 
g/cm 3 


1.8 


1.5 


10.2 


7.9 


0.7 


Tensile strength 
MPa 


25.5 


90 


2000 


400 


0.3 


Elastic modulus 
MPa 


9,800 


110,000 


327,000 


200,000 


1,500 


Heat 

conductivity 
(width direction) 
W/mK 


120 


25 


142 


16.7 


0.13 


Thickness mm 


0.9 


0.5 


0.2 


0.3 


0.5 



[0040] 

(Examination example l) 

A continuous casting was performed using pure aluminum as a metal to 
be melt. In this example, a single board of graphite with 0.9 mm thickness x 
100 mm width was used as a material for making the tip of a nozzle, and the tip 
of outer peripheral edge of the nozzle had a size of 7 mm (Wo shown in Fig. 2). 



28 



The thickness (to shown in Fig. 2) of the tip of the nozzle was 0.9 mm. The 
minimum gap (Go shown in Fig. 2(A)) between the rolls was 4 mm*. Thus, the 
nozzle was fixed to a tundish such that the tip of the nozzle might be situated 
at a position where the gap between the rolls was 6 mm (Wi shown in Fig. 2(A)). 
5 That is, prior to casting, the interstice between a roll and the tip of outer 
peripheral edge of the nozzle was substantially nil (0). The actual interstice 
examined was equal to or less than 0.3 mm at the greatest situation. Under 
these conditions, a cast alloy having a width of 100 mm was produced by 
casting 30 kg of pure aluminum as a molten alloy liquid at a temperature of 
10 750 °C. 

[0041] 

Then, during casting, the gap (Gi shown in Fig. 2(B)) between the rolls 
was widened to 4.8 mm* due to the reaction force, etc. Also, according to such 
positional movement of the rolls, the interval size (W2 shown in Fig. 2 (B)) of 

15 the tip of outer peripheral edge of the nozzle was changed. However, during 
casting, the interstice between the tip of outer peripheral edge of the nozzle and 
the roll was equal to or less than 0.3 mm, and the tip of the nozzle followed the 
expansion of the gap between the rolls. Thus, it was confirmed that there was 
no molten liquid leakage. Also, during casting, the temperature of the molten 

20 alloy liquid was examined in a cross-sectional width direction of the tip of the 
nozzle. In this example, the temperatures at five points arbitrarily selected in 
a cross-sectional width direction were measured with a temperature measuring 
device. Then, it was confirmed that the temperatures were almost uniform- 
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the minimum value being 742 °C, the maximum value being 743 °C. The cast 
alloy thus obtained had a satisfactory surface quality, exhibiting a glossy 
surface without any ripple marks or cracks. 
[0042] 

(Examination example 2) 

A continuous casting was performed using a magnesium alloy (AZ31 
alloy within the scope of ASTM standard) as a metal to be melt. In this 
example, a C/C composite board with 0.5 mm thickness x 150 mm width, a 
ceramic fiber sheet with 0.5 mm thickness x 150 mm width, and a graphite 
sheet with 0.6 mm thickness x 150 mm width were used as materials for 
making the tip of a nozzle. As shown in Fig. 3 (A), the tip of the nozzle 
(thickness of the tip: 1.6 mm*) was formed by lamination such that the graphite 
sheet 30 might be on the roll 14 side, the C/C composite board 32 being 
disposed on the side to be in contact with a molten alloy liquid while the 
ceramic fiber sheet 31 was sandwiched therebetween. The interval size of the 
tip of outer peripheral edge of the nozzle was 7 mm. The minimum gap 
between the rolls was 3.5 mm*. Thus, the nozzle was fixed to the tundish such 
that the tip of the nozzle might be situated at the position where the gap 
between the rolls was 6 mm. That is, prior to casting, the interstice between a 
roll and the tip of outer peripheral edge of the nozzle was substantially nil. 
The actual interstice examined was equal to or less than 0.1 mm at the largest 
situation. Under these conditions, a cast alloy having a width of 300 mm was 
produced by casting 15 kg of a molten liquid of AZ31 alloy at a temperature of 
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705 °C. In this examination, boron nitride or the like was coated as a 
mold-releasing agent on the internal surface of the tip of the nozzle. 
[0043] 

Then, during casting, the gap between the rolls was widened to 4.2 mm* 
due to the reaction force, etc. However, during casting, the interstice between 
the tip of outer peripheral edge of the nozzle and the roll was equal to or less 
than 0.3 mm, and the tip of the nozzle followed the expansion of the gap 
between the rolls. Thus, it was confirmed that there was no molten liquid 
leakage. Also, during casting, the temperature of the molten alloy liquid was 
examined in a cross-sectional width direction of the tip of the nozzle. In this 
example, the temperatures at five points arbitrarily selected in a 
cross-sectional width direction were measured with a temperature measuring 
device. Then, it was confirmed that the temperatures were almost uniform: 
the minimum value being 695 °C, the maximum value being 698 °C. The cast 
alloy thus obtained had a satisfactory surface quality, exhibiting a glossy 
surface without any ripple marks or cracks. 

[0044] 

(Examination example 3) 

A continuous casting was performed using a magnesium alloy (AZ91 
alloy within the scope of ASTM standard) as a metal to be melt. In this 
example, a molybdenum board with 0.2 mm thickness x 150 mm width, a 
ceramic fiber sheet with 0.5 mm thickness x 150 mm width, and a graphite 
sheet with 0.2 mm thickness x 150 mm width were used as the materials for 
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making the tip of a nozzle. As shown in Fig. 3 (B), the tip of the nozzle 
(thickness of the tip- 0.9 mm*) was formed by lamination such that the graphite 
sheet 40 might be on the roll 14 side, the molybdenum board 42 being disposed 
on the side to be in contact with a molten alloy liquid while the ceramic fiber 
sheet 41 was sandwiched between. The interval size of the tip of outer 
peripheral edge of the nozzle was 7 mm. The minimum gap between the rolls 
was 3.5 mm*. Thus, the nozzle was fixed to the tundish such that the tip of the 
nozzle might be situated at the position where the gap between the rolls was 6 

4 

mm. That is, prior to casting, the interstice between a roll and the tip of outer 
peripheral edge of the nozzle was substantially nil. The actual interstice 
examined was equal to or less than 0.2 mm at the largest situation. Under 
these conditions, a cast alloy having a width of 250 mm was produced by 
casting 15 kg of a molten liquid of AZ91 alloy at a temperature of 670 °C. 
[0045] 

Then, during casting, the gap between the rolls was widened to 4.2 mm* 
due to the reaction force, etc. However, during casting, the interstice between 
the tip of outer peripheral edge of the nozzle and the roll was equal to or less 
than 0.3 mm, and the tip of the nozzle followed the expansion of the gap 
between the rolls. Thus, it was confirmed that there was no molten liquid 
leakage. Also, during casting, the temperature of the molten alloy liquid was 
examined in a cross-sectional width direction of the tip of the nozzle. In this 
example, the temperatures at five points arbitrarily selected in a 
cross-sectional width direction were measured with a temperature measuring 
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device. Then, it was confirmed that the temperatures were almost uniform- 
the minimum value being 662 °C, the maxim vim value being 666 °C. The cast 
alloy thus obtained had a satisfactory surface quality, exhibiting a glossy 
surface without any ripple marks or cracks. 
[0046] 

(Examination example 4) 

A continuous casting was performed using an aluminum alloy (JIS 5183 
alloy) as a metal to be melt. In this example, ten SUS316 boards each having 
0.3 mm thickness x 40 mm width, a ceramic fiber sheet with 0.5 mm thickness 
x 409 mm width, and a graphite sheet with 0.5 mm thickness x 409 mm width 
were used as the materials for making the tip of a nozzle. The SUS316 boards 
were arranged in a width direction such that each interval between the 
adjacent boards was 1 mm, and the overall width of the boards thus arranged 
was 409 mm including the intervals. These SUS316 boards were covered 
altogether with the ceramic fiber sheet, and the graphite sheet was attached on 
the side to touch with the rolls. Thus, the tip of the nozzle was formed (the 
thickness of the tip- 1.8mm 1 ). That is, as shown in Fig. 3 (C), the graphite 
sheet 50 was arranged on the roll 14 side, and the ceramic fiber sheet 51 
covering the SUS316 boards was arranged so as to be adjacent to the graphite 
sheet 50 and to be in contact with the molten alloy liquid. The interval size of 
the tip of outer peripheral edge of the nozzle was 8 mm. The minimum gap 
between the rolls was 3.5 mm*. Thus, the nozzle was fixed to the tundish such 
that the tip of the nozzle might be situated at the position where the gap 
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between the rolls was 6 mm. That is, prior to casting, the interstice between 
the rolls and the tip of outer peripheral edge of the nozzle was substantially nil. 
The actual interstice examined was equal to or less than 0.3 mm at the largest 
situation. Under these conditions, a cast alloy having a width of 300 mm was 
produced by casting 100 kg of a molten liquid of aluminum 5183-alloy at a 
temperature of 720 °C. 
[0047] 

Then, during casting, the gap between the rolls was widened to 4.7 mm* 
due to the reaction force, etc. However, during casting, the interstice between 
the tip of outer peripheral edge of the nozzle and the roll was equal to or less 
than 0.5 mm, and the tip of the nozzle followed the expansion of the gap 
between the rolls. Thus, it was confirmed that there was no molten liquid 
leakage. Also, during casting, the temperature of the molten alloy liquid was 
examined in a cross-sectional width direction of the tip of the nozzle. In this 
example, the temperatures at five points arbitrarily selected in a 
cross-sectional width direction were measured with a temperature measuring 
device. Then, it was confirmed that the temperatures were almost uniform- 
the minimum value being 705 °C, the maximum value being 709 °C. The cast 
alloy thus obtained had a satisfactory surface quality, exhibiting a glossy 
surface without any ripple marks or cracks. 

[Industrial applicability] 

[0048] 

The casting nozzle according to the present invention may be used as a 
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member for supplying a molten alloy liquid from a tundish to a movable mold 
when a continuous casting of aluminum alloy or magnesium alloy is performed. 
Also, the method of the present invention for manufacturing a cast alloy is most 
suitable for obtaining a cast alloy having superior surface quality. Moreover, a 
5 cast alloy produced by the manufacturing method of the invention can be used 
as a secondary working material for metal-rolling or the like. 



